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The uptake of fluid droplets by macrophages  was first described  by Lewis 
(1) in 1931 and termed pinocytosis. This general mechanism for the bulk trans- 
port of soluble macromolecules  was  subsequently investigated by Mast and 
Doyle in the amoeba (2) and more recently in many other species and cell types. 
In the ensuing 30 yr, most of our knowledge has been derived from the amoeba 
and largely through the elegant experiments of Holter and his colleagues at the 
Carlsburg Laboratories (3, 4). These investigators,  employing both morphologi- 
cal  and biochemical  techniques  have defined  and quantitated many of the 
factors responsible for the formation and fate of pinocytic vesicles in this organ- 
ism. 
Although the process of pinocytosis  was first observed in mammalian cells, 
there has been considerably  less progress in this field. This is in part related 
to the lack of a  convenient assay system and to an appropriate population of 
actively pinocytizing cells. Nevertheless,  considerable  information exists con- 
cerning the ability of cells to accumulate and segregate labeled macromolecules 
(5-8) as well as the morphological counterpart of pinocytosis, i.e. vesicle forma- 
tion, at the light and electron microscope level (9--12). 
Prior publications from this laboratory have described  the in vitro mainte- 
nance and properties  of homogeneous populations of mononuclear phagocytes 
obtained from the unstimulated mouse peritoneal cavity. These cells demon- 
strate very active pinocytic activity which persists for long periods and which 
is  associated  with the formation of secondary lysosomes or digestive  bodies 
(13, 14). Employing a microscopic technique it has been possible to enumerate 
cytoplasmic vesicles and arrive at an index of pinocytic activity. This article 
will present the details of the method as well as the effects of a variety of meta- 
bolic inhibitors on vesicle formation. 
• This  investigation  was  supported  in  part  by  Research  Grants  AI  01831-08  and 
AI 07012-01, United States Public Health Service, National Institute of Allergy and Infectious 
Diseases, Bethesda,  Maryland. 
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Materials and Methods 
Harvesting of Cells and Preparation of Cultures.--Mice  from the  NCS  colony maintained 
at the Rockefeller University and weighing 25 to 30 g were employed for all studies. The ani- 
mals were anesthetized with chloroform and the peritoneal cavity was immediately lavaged 
with 1.0 ml of medium 199  (Microbiological Associates, Bethesda, Maryland) and removed 
by means of a  fine tipped Pasteur pipette. Sufficient cells could be obtained from six animals 
to  set up  twelve Leighton tube cultures.  The cells were enumerated in a  hemocytometer, 
centrifuged at 500 m,~/5 rain (International type 2) and resuspended in a medium containing 
20~0 newborn calf serum (N-BCS),  (Microbiological Associates), penicillin 200 units/ml and 
medium 199 at a cell density of 2 X  108/ml. 1 mi of this suspension was dispensed to Leighton 
tubes containing flying cover slips, gassed with 5% CO~-air and incubated at 37°C for 30 rain. 
At the end of this time, each of the tubes was rinsed vigorously with 2.0 ml of warm medium 
199 to remove nonadherent lymphocytes. A similar medium containing 50% NBCS was then 
added, the tubes gassed and incubated for an additional 24 or 48 hr at 37°C. The preparations 
at this time consisted of homogeneous populations of macrophages. 
Manipulation  of Cultures and Fixation.--Prior studies (15)  had shown that high rates of 
vesicle formation occurred in the presence of 50% N]3CS. At the time of an experiment, cul- 
tures were removed from the incubator and the old medium removed by means of a long Pas- 
teur pipette and rubber bulb. 1 ml of fresh, warm 50~o NBCS-No. 199 medium was then added 
to the tubes, lnhibitors were prepared as concentrated stock solutions in medium  199 and 
dilutions were prepared in the same solution. These were added to tubes in volumes no greater 
than 0.1 ml. Control tubes were always prepared and contained 1.0 mi of fresh 50% NBCS 
medium. Experiments in which alcohol soluble inhibitors, i.e. antimycin A, were employed 
had controls which contained a  similar final concentration of ethznol. 
In most experiments, the cells were exposed to the inhibitor for 150 min. In certain cases, 
in which the time course of inhibition was to be evaluated, tubes were removed at shorter 
intervals along with appropriate controls. At the end of an experiment, the medium was as- 
pirated and 1.0 ml of cold 1.25% buffered  (phosphate saline pH  7.4)  glutaraldehyde added 
directly to the Leighton tubes. Fixation was allowed to proceed at 4°C for 10 rain. The glu- 
taraldehyde solution was discarded and the tubes rinsed twice with 3 to 5 mi of distilled water. 
The cover slips were then extracted by means of a  curved copper wire and immediately in- 
vetted over a  drop of distilled water on a  glass slide. At no time during this procedure were 
the cells on the cover slip allowed to dry.  Excess fluid was gently removed with absorbent 
paper and the cover slip rimmed with a  1:1 mixture of molten beeswax-paraffin. All prepara- 
tions were examined within 16 Jar of fixation and in most instances within 6 hr. Cells which 
were examined 24 hr or longer after fixation showed a  gradual reduction in the contrast be- 
tween pinocytic vesicles and  cytoplasmic ground  substance. 
Phase-Contrast Microscopy.--All preparations were examined with a  Zeiss  Ultraphot II 
phase microscope employing the oil immersion objective. The total magnification was approxi- 
mately 1000 and the lamp voltage was maintained at 12 v. Somewhat better resolution of the 
smaller pinocytic vesicles was obtained if the green, phase-contrast falter  was omitted from 
the light path. 
Enumeration of Pinoaytic Vesicles and Calculation of Results.--After 24 hr of cultivation in 
50% N-BCS  medium the cells were well spread, contained numerous dense granules in the 
centrosphere,  and  exhibited  slim,  dongated  mitochondria in  the  cytoplasmic  extensions. 
Their morphology at 48 hr was similar although the cells were larger in diameter and had 
longer cytoplasmic processes. Phase-lucent pinocytic vesicles were present in the peripheral 
cytoplasm as well as in the well defined centrosphere region. Only those vesicles which were 
in the peripheral cytoplasm were counted since they were still in transit to the centrosphere or 
juxtanuclcar zone  (15).  Any discernible phase-lucent vesicle, irrespective of size was  enu- ZANV~  A. com~  559 
merated. Cells were selected for the purposes of vesicle counts which were elongated and had 
extended cytoplasmic  projections. These cells were easier to count than spherical macrophages, 
since the peripheral cytoplasm was somewhat more phase dense and presented a better back- 
ground for the clear vesicles. A total of at least 50 cells in each cover slip were counted.  Each 
cell was examined carefully by focussing up and down on the cytoplasm and the number of 
vesicles per cell recorded. The total number of vesicles per 50 cells was then calculated. Each 
point in the Results section represents the average vesicle count obtained from at least two 
experiments with separate batches of cells and represents values from  200 or more cells. The 
number of vesicles in the Control sample was taken as 100% and the experimental tubes cal- 
culated accordingly. 
In many instances living cells were observed in thin cover slip preparations on the warm 
stage (15). 
Inhibitors.--The  inhibitors were  purified  commercial  preparations. Actinomycin D  was 
obtained from Dr. David Luck and antimycin A from Dr. Leonard Sauer of the Rockefeller 
University. Stock solutions and dilutions were prepared immediately prior to the experiment. 
The pH of all stock solutions was adjusted to 7.3 with either IN NaOH or HCI. Further buffer- 
ing was obtained when dilutions were prepared in medium 199. 
RESULTS 
General  Considerations.--Previous  studies  on  mouse  macrophages  docu- 
mented the directional flow of pinocytic vesicles from the peripheral cytoplasm 
to the juxtanuclear region (14,  15). A  schematic  representation  is  illustrated 
in  Fig.  1, a  (time 0  min).  During  the course of this migration, vesicles often 
fused with each other to become larger lucent vacuoles which accumulated in 
the centrosphere. Upon entering the perinuclear region they either underwent 
a  transition in density to become the dense granule or else fused with preexist- 
ing granule elements. This was a  continuing process which lasted throughout 
the period of in vitro cultivation. Because of the constant formation of vesicles 
in the peripheral undulating membrane it was difficult to count pinosomes in 
living  cells.  Enumeration  was  simplified by employing  glutaraldehyde-fixed 
preparations and  an  estimate of vesicle formation was  achieved by counting 
pinosomes which were in transit to the centrosphere. It was noted that vesicle 
formation occurred most often in pseudopods which contained mitochondria. 
In addition, contact between cells often resulted in more vigorous vesicle forma- 
tion, and such cells were not scored in these experiments. There was never any 
evidence of "reverse pinocytosls" in living preparations and vesicles once formed 
were not seen to fuse with the limiting membrane of the cell. 
Fig.  1, b  illustrates experiments in which  the responsiveness of cells to the 
external environment  as well as the reversibility of vesicle formation was ex- 
amined. 
Cells were cultivated in 50% serum medium for 24 or48 hr. The tubes were then rinsed 
twice with 2.0 ml warm No. 199, care being taken to lavage the area under the cover slips. 1 ml 
of warm 1% NBCS--No. 199 was then added, the tubes gassed, and incubated at 37°C. At 
intervals, cover slips were then fixed along with appropriate controls maintained in 50% serum 560  PINOCYTOSIS 
medium. Mter 75 rain the medium of the remaining tubes was replaced with 1.0 ml of fresh 
50% sernm-No.  199. 
Fig.  1, a  represents the step-down in serum  concentration from 50%  to 1% 
NBCS. Under these conditions there was a prompt reduction in vesicle counts 
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FIe. I.  (a) A schematic representation of pinosome formation in a macrophage pseudopod 
as influenced by alterations in the external environment.  (b) The reversible response of vesicle 
counts to the calf serum content of the medium. 
from an average of 360 pinosomes/50 cells (290 to 490) to 42 pinosomes/50 cells 
(50 to 92).  The absolute  vesicle counts fluctuated  with  individual  batches  of 
cells,  NBCS  and  with  the  age of the  cells  in vitro.  The counts were usually 
higher in cells cultivated for 48 hr than 24 hr. Examination of living cells after 
incubation  in  1%  serum  revealed  that  vesicles  ceased  to  be  formed  in  the 
peripheral  cytoplasm, but those already present,  continued  to migrate  to the 
centrosphere. This is illustrated schematically in Fig. 1, a with diagrams of cells ZA_mr~ A. corm  561 
at 20 and 60 rain. With cells cultivated for 24 hr, a 50% reduction in vesicle 
counts occurred 19 rain after being placed in low serum,  this is an index of 
vesicle half-life in the peripheral cytoplasm. A  somewhat longer half-life (29 
rain) was found in 48-hr cultures. This was in part related to the larger cell 
size and therefore the longer length of cytoplasm traversed by pinosomes be- 
fore entering the centrosphere. This conclusion assumes (a) cytoplasmic vesicle 
flow occurs at a relatively constant rate, and (b) extrusion of vesicles to the cell 
exterior or disruption in the cytoplasm does not occur. The former assumption 
is difficult to evaluate whereas the latter has never been observed. 
Veside counts remained low during the subsequent incubation in 1% serum 
medium (10 to 20% of control) and were maintained at this level even after 3 
hr. When the cells were again placed in 50% serum (T75), a rapid increase in 
vesicle formation occurred which was quantitatively similar to values at zero 
time. An identical response occurred even when cells had resided in 1% serum 
for as long as 180 rain.  It, therefore, appeared that the pinocytic activity of 
mouse macrophages responded promptly to the components of NBCS and that 
this was a  reversible phenomenon. Subsequent studies with metabolic inhibi- 
tors were performed with cells stimulated with the 50 % serum medium. 
Inkibitors  of Glycolysis.~Prior  studies  on  the metabolic requirements  for 
phagocytosis had indicated  that the glycolytic pathway was essential in the 
polymorphonuclear leukocyte and  also played an  important role in  the  in- 
gestion of particles by certain macrophages (16-18). Two inhibitors were em- 
ployed and each was tested to obtain a dose-response relationship as shown in 
Fig. 2. 
Sodium fluoride at concentrations of  10  -2  and  10  -~ ~  reduced the vesicle 
counts to 30% of the 50% NBCS control. As the concentration was reduced to 
5 X  10  -4 M there was a prompt escape from the inhibitor and essentially control 
values were obtained at 10  ~  M. Macrophages exposed to this agent for 150 min 
retained their normal appearance under phase-contrast illumination.  In con- 
trast, iodoacetate produced a marked cytotoxic effect at concentrations of 5 X 
10  --4 x~, characterized by the withdrawal of pseudopods and contraction of the 
cell body. At lower concentration, inhibition of pinocytosis occurred without 
cytotoxicity and a 50 % reduction in vesicle count was reached at 5 X  10  -6 M. 
Inhibitors of Respiration.--The  importance of a  complete respiratory chain 
for pinocytosis was evaluated with the two agents  cyanide and antimycin A. 
The results of these experiments are illustrated in Fig. 3. 
Cyanide at concentrations of 10  "-8 to 10  --4 x~ reduced the formation of vesicles 
to 10 to 20 % of the control preparation. This agent was still effective at con- 
centrations up to 10  -e ~a. Cells exposed to cyanide at all doses remained well 
spread on the glass surface. The only morphological abnormality noted was a 
reduction in length and thickening of the mitochondria at drug levels which in- 
hibited pinocytosis. The reversal of this effect was not evaluated. 
The antibiotic antimycin A which blocks electron transport at a more proxi- 562  P]~ocY~oszs 
mal site  (19)  was  also capable of inhibiting the  pinocytic activity of mouse 
macrophages (Fig. 3). This agent was effective at lower dose levels and at 10  --6 
rr  reduced the level of pinocytosis to 10 %  of the control. A  50 %  reduction in 
vesicle counts was achieved between 10  -7 and 5  X  10--  ~ ~  and no  appreciable 
inhibition occurred at 10  -~ M. Cells exposed to this agent  demonstrated no al- 
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FiG. 2.  The dose-response relationship of vesicle counts to the addition of fluoride and iodo- 
acetate. 
teration in general morphology other than a  reduction in length of the mito- 
chondria present in the pseudopods. 
The influence of anaerobiosis per se was also examined. 
50o'/o NBCS medium was thoroughly  gassed with 5% CO2-nitrogen. I nd of this medium was 
added to Leighton tube cultures and the tubes again flushed with 5% CO~-nitrogen for 30 sec. 
The tubes were tightly stoppered and incubated for 150 min. Controls were gassed with 5% 
CO~-air. ZAZCVIL A. com~  563 
In three separate experiments, a  reduction in pinocytic activity to  13,  19, 
and 18% of the control tubes was obtained. 
It therefore appeared that the continuing formation of pinocytic vesicles re- 
quired an intact respiratory chain. 
Inhibitors of Oxidali~e Phospkorylation.-- 
2,4-dinitropkenol:  In view of the marked reduction in pinocytosis obtained 
with respiratory inhibitors it was of interest to examine the role of agents whose 
prime influence was on the formation of high energy phosphate intermediates. 
Fig. 4 illustrates the action of 2,4-dinitrophenol. This agent proved to be a 
potent inhibitor of pinocytosis. Concentrations from 5  X  10  -~ to 5  X  10  -e 
reduced vesicle counts to 10 to 20 % of control values. A significant inhibition 
could still be obtained at 5  X  10  -~ ~. As in the case of the cyanide and anti- 
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1~o. 3. The effect of respiratory inlfibitors on the formation of pinocytic vesicles. 
mycin A, exposed cells retained their shape and size under phase-contrast il- 
lamination. The only morphological properties of note were the formation of 
shorter,  thick mitochondria  and  flattening of  the  ruffled membrane  of  the 
pseudopods. 
The time course of inhibition is shown on the bottom portion of Fig. 4. Em- 
ploying the lowest dose which gave maximal inhibition, it was noted that there 
was a prompt cessation of vesicle formation. This finding was corroborated in 
living preparations under direct observation on the warm stage. Vesicles pres- 
ent in the cytoplasm continued their migration to the centrosphere. The half- 
life of vesicles in the peripheral cytoplasm, as measured by a 50 % reduction in 
pinosomes, was in the order of 20 min. This value is in the range of the previous 
experiments shown in Fig. 1. A small number of vesicles were nevertheless con- 
tinuaUy formed and maintained the counts at low levels for up to 150 min. 564  PINOCYTOSIS 
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Oligomycin: This antibiotic is an inhibitor of tightly coupled oxidative phos- 
phorylation which presumably inhibits  the  conversion of  an  unknown high 
energy intermediate to adenosine triphosphate (20).  Concentrations of 1.0 to 
25/zg/ml were employed and the results  are shown in Fig. 5.  Inhibition of 
pinocyfic activity occurred at drug levels of 1 to 10/zg/ml. A twofold reduction 
in concentration to 0.5 lzg/ml allowed pinocytic vesicle formation to occur at 
almost normal rates. This agent had no significant cytotoxic effect up to con- 
centrations of 10 Izg/ml. 
Inhibitors of Protein Synthesis.--The  constant internalization of  limiting 
membrane which  accompanies  continuing pinocytic  activity suggested  that 
new membrane formation might be required. This possibility was investigated 
by studying the influence of two inhibitors of protein synthesis, i.e., puromycin 
and  p-fluorophenylalanine. Both  agents had  been  employed previously and 
were found to inhibit the formation of dense granules and hydrolytic enzymes 
in long term macrophage cultures (21). 
Fig. 6, a shows the dose-response curve with puromycin. A striking reduction 
in vesicle formation occurred at concentrations as small as 0.1 ~g/ml. Cells ex- 
posed to this agent showed no untoward effects except for the marked loss in 
ruffling of the limiting membrane. 
Similar results were obtained when the amino acid analogue p-fluorophenyl- 
alanine was employed. Fig. 6, b illustrates the effects of 500 and 250 #g/ml. The 
natural amino acid L-phenylalanine had no influence on vesicle formation per 
se but was able to compete effectively and reverse the effect of the analogue. 
In contrast, glycine was unable to alter the inhibitory effect of p-fluorophenyl- 
alanine. 
The rapidity with which p-fluorophenylalanine inhibited vesicle formation 
is shown in Fig. 7. The rate of inhibition was dose dependent and at 400 Izg/ml, 
a maximum effect was obtained in 1 hr. Concentrations of 400,  200, and 100 
/zg/ml resulted in a 50 % reduction in vesicle counts in 30, 70, and 90 min re- 
spectively. The effect was, therefore, more delayed than with 2,4-dinitrophenol 
and suggested that vesicle formation continued for at least 10 to  15 minutes 
after the addition of the highest concentration of inhibitor. 
The Influence of A ctinomycin D.--Previous studies employing actinomycin D 
in long term cultures of mouse macrophages were unsuccessful because of cell 
death at effective concentrations (21).  These experiments were repeated using 
the present short term assay for pinocytic activity. 
A stock solution of actinomycin D was assayed spectrophotometrically  and dilutions were 
prepared in medium 199 immediately before use. Bemuse of the time course of inhibition, 
cells were exposed to the drug for 180 rain prior to fixation with glutaraldehyde, rather than 
the usual 150 rain. The results of four separate experiments are presented. 
The effect of actinomycin D  on pinocytosis is shown in Fig. 8. A maximum 
inhibitory effect was obtained with as little as 0.02 Izg/ml and a dose of 0.003 6C 
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#g/ml resulted in a 50 % reduction of vesicles. These concentrations are similar 
to those reported to inhibit the formation of R_NA in other cell systems. Cells 
exposed to actinomycin D  for up to 3 hr remained well spread and no cytotoxic 
effect was noted. 
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The rate at which actinomycin D  inhibited vesicle formation was quite dif- 
ferent from that obtained with the previously described agents. Experiments in 
which  maximum inhibitory  concentrations  (0.01  #g/ml)  were  employed are 
illustrated in Fig. 9. Under these circumstances there was a pronounced lag in 
inhibition and vesicle counts were reduced to 50 % of the control only after 135 
rain of exposure. 568  PINOCYTOSIS 
Tke Influence of Temperature.--A  number of studies were performed on the 
influence of ambient temperature on pinocytic vesicle formation. These were 
initially carried out at  temperatures ranging  from 4-37°C.  The  experiments 
were, however, complicated by the withdrawal of pseudopods by cells exposed 
to temperature below  25°C. Although  cell rounding could be reversed by re- 
incubation at 37°C  this response precluded vesicle counts in the lower temper- 
ature ranges.  Counts were performed at 25°C  in  three  separate  experiments 
and showed a  mean decrease in vesicle counts up to 30% of the controls at 
37°C. The "Q10" of vesicle formation was therefore about 3.3. 
DISCUSSION 
Before discussing the present experiments, it is of importance to point out 
the limitations of the assay system. First,  the evaluation of vesicle formation 
at the light microscope level, with a resolution of =h0.2 ~, yields a minimal value. 
This statement is based upon electron microscope evidence in which small pino- 
somes are observed in thin sections of cultivated macrophages (13,  14).  These 
behave in a  similar fashion to the larger pinosomes in terms of their ultimate 
localization to the centrosphere region and in their ability to fuse with preexist- 
ing cytoplasmic granules (14). Secondly, this form of assay is directed towards 
those factors involved in  the  internalization  of limiting membrane  and  the 
formation of vesicles, rather than the accumulative uptake of exogenous mole- 
cules. The latter parameter would, in addition, depend upon vesicle size and the 
the binding of solutes to the surface membrane. Additional factors which are 
involved in the inhibitor experiments are the high concentrations of protein in 
the medium and the lack of any confirmatory biochemical evidence relative to 
inhibitor specificity in the macrophage. With these considerations in mind it is 
nevertheless quite clear that vesicle formation is an energy and  temperature 
requiring process. 
It appears that the energy required for pinosome formation may be derived 
from both glycolytic and respiratory pathways. In general, glycolytic inhibitors 
such as fluoride and idoacetate provide a less striking reduction in vesicle forma- 
tion and  the cytotoxic concentration was relatively close to the pinosome in- 
hibitory dose. It is not known whether these agents also have secondary effects 
on the production of energy derived from respiratory pathways. Inhibitors of 
respiration, per se, including cyanide, antimycin A, and anaerobiosis all reduce 
vesicle formation to the lower levels and were effective at high dilution. Much 
of  the  energy involved in  pinocytosis is  therefore presumably derived from 
mitochondrial activity. This is in keeping with the close morphological associa- 
tion of pinosomes and mitochondria in the peripheral pseudopod. In view of the 
sensitivity of vesicle formation to both  oligomycin and  2,4-dinitrophenol it 
seems likely that ATP is the high energy intermediate which is utilized in sub- 
sequent energy dependent steps. zAgvrs A. CORN  569 
One pathway for the utilization of high energy phosphate compounds was 
suggested by the studies with puromycin and p-fluorophenylalanlne. In both 
instances pinosome production was inhibited presumably because of the in- 
hibition of protein synthesis. Although this result may be interpreted in many 
ways it seems possible that some of the protein required for pinocytic activity 
is part of new plasma membrane. The continued formation and interiorization 
of surface membrane may then depend upon new membrane synthesis in order 
to maintain cell integrity. If this is the case, the lipid moieties of the membrane 
would also be required. Both these agents were previously shown to inhibit the 
formation of lysosomes and three lysosomal enzymes in long term cultures of 
mouse macrophages (21). Part of this effect may be related to the inhibition of 
pinocytic vesicle formation. The necessity of protein synthesis for pinosome 
formation is in marked contrast to the requirements of the phagocytosis of 
bacteria and yeast cell wails (zymosan), a process which is unaffected by puro- 
mycin and p-fluorophenylalanine (22). This is perhaps not surprising since pino- 
cytosis is a continuing process which takes place over long periods of time where- 
as phagocytosis as measured in vitro is a finite event. 
The studies with actinomycin D  are of particular interest in terms of the 
regulation of pinocytic activity. This agent was found to inhibit vesicle forma- 
tion at low concentration and after a long lag period. This data may be inter- 
preted in light of an inhibition of DNA directed RNA synthesis (23).  If one 
assumes a  prompt inhibition of messenger RNA formation, then the cell can 
continue pinocytic activity for approximately 120 rain with preexisting informa- 
tion. However, in view of the nonspecific effect of actinomycin D  upon other 
RNA species and its ability to bind to lipids, the interpretation of these data 
awaits more exacting biochemical analysis. 
A  number  of  differences exist between  the  process  of pinocytosis in  the 
amoeba and in mammalian macrophages. In the amoeba, (a) deep cytoplasmic 
channels are formed which ultimately give rise to vesicles, and (b) the process 
is more discontinuous with infrequent bursts of activity. Nevertheless, many of 
the mechanisms are no doubt quite similar and it is of interest that channel 
formation is temperature dependent and requires a source of aerobic metabolic 
energy (24).  Further studies will no doubt disclose other differences between 
the process  as seen in  the free living amoebae and in multicellular animals. 
Some of these are related to the inducers of pinocytosis and will be reported in 
subsequent communications. 
SUMMARy 
A method is described to study the formation of pinocytic vesicles in culti- 
vated mouse macrophages.  Vesicles  which arise in  the peripheral  cytoplasm 
and are in transit to the centrosphere region are enumerated by the phase-con- 
trast microscopy of glutaraldehyde-fixed cells. Under these conditions there is 570  PmOCYTOSIS 
a prompt reversible response of vesicle formation to calf serum factors in the 
external environment. The reduction of pinosome formation by a  variety of 
metabolic inhibitors was then studied in a medium containing 50 %  newborn 
calf serum. 
Inhibitors of both glycolysis and respiration reduced vesicle formation to low 
levels. This influence was most striking with cyanide, antimycin A, and anaero- 
biosis. This indicates an important contribution of an intact respiratory path- 
way in pinocytosis. 
Both 2,4-dinltrophenol and oligomycin inhibited vesicle formation at low 
concentrations. These data suggest a  central role of ATP as an energy source 
for vesicle formation. 
Inhibitors  of  protein  synthesis,  such  as  puromycin  and  p-fluorophenyl- 
alanJne, produced a prompt reduction in vesicle formation. The action of p-flu- 
orophenylalanine was effectively reversed with L-phenylalanine. 
Actinomycin D  depressed  pinocytosis  to  low  levels  at  concentrations  of 
0.1 to 0.003 Izg/ml. This effect was observed only after a 120 rain lag phase. 
A 10°C reduction in ambient temperature lowered vesicle counts to 30 %  of 
control preparations at 37°C. 
The excellent assistance  of Mrs. FAleen Parks is gratefully acknowledged. 
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